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ACCURATE RIGHT ASCENSIONS FOR 227 RADIO SOURCES

by

E. B. Fomalont, T. A. Matthews, D. Morris and J. D. Wyndham

kaSTRA-CT

The two 90-foot steerable paraboloids of the Owens Valley
Radio Observatory were used as an east-west interferometer to
measure the right asce!,sion of 227 radio sources. The observations
were made between January, 1960, and July, 1961, at spacings of
195X (958 Mc/s) and 283X (1390 Mc/s). Corrections for resolution and
known confusing sources have been evaluated. The standard errors
for a source position range between 3 seconds of arc and 20 seconds
of arc, with an average value of 9 seconds of arc.

I. INTRODUCTION

For some years the Owens Valley Radio Observatory has systema-
tically measured the radio positions of a number of radio sources.
The final goal of this program is to obtain identification of the
radio sources with optical objects.

This paper is concerned only with the measurement of right as-
cension of 227 sources. For this purpose the two 90-foot steerable
paraboloids were used as a two-element interferometer with a 200-foot
east-west baseline. The observations were made in four separate
series as indicated in Table 1. The sources chosen for observation
varied throughout the different series. In the first series, the
CTA list of sources (Harris and Roberts 1960), with a few additional
fainter sources of interest, was used. However, it was realized
from the observations of this first series that accurate positions
could be obtained for much weaker sources. For this reason a new
list of sources was compiled for the last three series of obser-
vations. This list included all sources in the 3C catalog (Edge,
Shakeshaft, McAdam Baldwin and Archer 1959) having S= l14.5 x
10-26 W i- 2 (c/s) - . Occasionally a source was too wed to derive
an accurate position and it was therefore omitted. In addition,
sources from the Mills' catalogs (Mills, Slee and Hill 1958, 1960)
were included f r which Kellermann and Harris (1960) measured
SQ60 ! 3 x 10-2 W m- 2 (c/s)-l. Other sources from the CTA and
C B (Wilson and Bolton 1960) catalogs which were reasonably small
in diameter were also included. This list gives fairly complete
coverage of cataloged sources between declinations -45 and + 71
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down to a flux level of 896o = 4.5 x i0-26 W m-2 (c/s) -I .

Table 1

Date Frequency Spacing Range of a. No. of Sources
Observed

Jan.-March 1960 958 Mc/s 195X 1h  1 7h 77
June 1960 it 19

h  10h- 87
Oct.-Nov. 1960 " 12h - 2 3h 123
July 1961 1390 Mc/s 283X 17h _ 0 2h 119

II. RECEIVER SYSTEM AND INTERFEROMETER RESPONSE

The operation of the two-element interferometer and the receiving
equipment associated with it has been described in detail by Read
(1963). The receiver at each antenna focus was of the superheterodyne
type with a crystal mixer connected to the feed horn by a short length
of cable. In. the first two series of observations the local oscillator
was common to both receivers, but subsequent to the middle of the third
series the local oscillator power was produced by a klystron at each
focus locked to a common reference oscillator as described by Read
(1963). During the course of these and other minor changes, the
phase stability of the system was measurably improved.

In an analysis of the interferometer response, Read (1963) has
shown that the sign-ifica-nt term of the re-corder deflection. i-s

cos [2n D. (sin e + ) (i)

where D, DX separation of antennas in units of length and units of
wavelength, respectively;

0 = angle between source and the plane perpendicular to the
antenna baseline;

x = difference in R. F. cable lengths between horns and
mixers of the two antennas;

y = difference in L.O. cable lengths for the two antennas.

For a maximum in the interferometer response, the term in
square brackets in expression (i) must equal 2wN, where N is the lobe
number counting from B = 0 and is held constant for a night's obser-
vations. Hence we may write

sin N x-y (2)
DX D
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where 0N is the value of e at the maximum of the Nth lobe.

For an east-west interferometer,

sin e d sin 8 - (h'-H) cos 5 (3)

where a, 8 are the equatorial coordinates of the source.

d = declination of extended east-west baseline and is small.

h = hour angle of extended east-west baseline = h' +

H = hour angle of source = t-a.

t = sidereal time.

Let TN be the sidereal time measured for the maximum of the lobe
nearest to meridian transit of the source. Substituting equation (3)
into (2) gives

(a-TN) cos 8 = E(t) - d sin 5 + h' cos 8 ()

where E =t (N x Xy).
DX D

Equation (4) is the basic equation used to derive the right
a-s-ce-nsi-on from the observations. The factors d a-nd h' depe-nd on the
relative position of the bases of the antennas and are constants for
a given series of observations. They are involved only as a function
of the source declination. The term E(t), which is a function of the
equipment phase, varies with time and does not repeat exactly from
night to night.

III. OBSERVATIONAL PROCEDURE

Most of the observations were madeat night in order to avoid
interference from the sun in the antenna sidelobes, and to reduce
the effect of rapid temperature variations on the phase of the
equipment. The few observations made in the daytime show these ef-

fects and have larger associated errors.

Each source was observed for about ten minutes centered about
meridian transit. The times of about twenty crossovers in the
interferometer fringe pattern were then used to provide an accurate
value for the time of maximum nearest transit. The choice of the
correct transit lobe was obvious in most cases from a comparison
with the measured positions in other catalogs. However, for catalog
positions where the errors are equal to or greater than one-half
lobe, such as is sometimes the case for Mills' sources, the identi-
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fication of the transit lobe was ambiguous. These ambiguities were
eliminated by a special set of observations at a frequency of 1420 Mc/s
using the primary beam of the antennas to identify the proper lobe,
and all such sources are identified with a dagger in Table 3. All
observations were corrected for clock errors and the effects of the
receiver time constant. The positions were reduced to the epoch
1950 by correcting for the effects of general precession, nutation
and aberration using Besselian star constants and day numbers.

IV. REDUCTION AND CALIBRATION

.. .. ._ On any given night of observation during a series, transit
t-imes for t t forty sources --f-und.----Tncud-edwere- a-

small number of sources of known opti co ne~t, cnath-e- . ... .
calibration technique used was to refer the measured radio positions
to the optical positions of these identified radio sources.

Initially, the first series of observations was calibrated
with respect to all of the then-identified sources. Many of these
were of large radio diameter, which can introduce errors due to
resolution effects, as well as possible errors due to displacements
between the radio and optical centroids. In addition, the existing
identifications were mainly in the northern hemisphere and equation
(4) shows that the calibration sources should cover a large range
of declinations in order to disentangle the quantities h', d and
E(t). However, the resulting right ascensions, when combined with
declination measures (from published lists, unpublished Cal Tech
measurements and the accurate declinations of Read (1963)) enabled
a number of new identifications to be made, many of which have been
confirmed spectroscopically by M. Schmidt. From these identifica-
tions the sources in Table 2 were chosen. to calibrate all four
series of right ascension measurements discussed in this paper. The
best calibration sources are those having small radio diameters
(preferably no more than a few seconds of arc) and which also have
small optical diameters. In column 4 of Table 2, the east-west
size of the radio source is given to indicate the degree to which
the source conforms to this criterion. The radio size is derived
from the work of Moffet (1962), Maltby (1962) and Allen et al (1962).
The assumption that the radio and optical positions coincide is
discussed briefly in Section V (c).

On any one night of observation only a few of the calibration
sources in Table 2 were observed, so that E(t) could not be derived
with very great precision. A procedure was therefore used in which
each night's observations in a series was reduced to a standard
night using all the sources observed in common on both nights.
This procedure had the additional advantage of allowing the final
calibration to be done using average positions which had smaller
associated errors than the positions determined from an individual
night's observation. Thus assuming that d, h' remain constant
since the antennas were not moved, and that the right ascensions
for each source do not change from night to night, we can write
for a single isource
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E(T I ) - E(T 2) (T1 -T2 ) Cos 5 (5)

T and T being the transit times on nights 1 and 2, respectively.
Tie quantity E(T 1 ) - E(T 2 ) was formed for all sources observed in
common on the two nights, plotted as a function of t, and a smooth
mean curve drawn through the points. An example of such a curve is
shown in Figure 2. This curve was then used to correct the values
of T on night 2 to night 1. In a similar fashion, all other nights
of a series were reduced to a single standard night.

All the calibrators observed in the entire series were used
in equation (4) to determine the function E(t) and the constants
d and h'. Writing E(t) = E o + El(t), the time varying part [El(t)]
3cas- fir.st -etermine-d us.ing. group.s o.f cal ibrat i-o-n so-urce-s in -s-ma-1-I
range-s :of de-e1linatom to re-strlc-t the effe-cts of the t-etms dotnt-atn-i-g
d and h'. Having eliminated this first approximation for El(t)
from equation (4), the constants Eo, d, h' were found by a least
squares method. These values were then used to redetermine the
function E (t) more accurately, after which a final determination
of Eo, d, was made. Figures 3 and 4 show the final iteration
used to derive E(t), d and h' for the July, 1961, series. The
values of the constants are found from a least squares solution of
equation (4).

V. SOURCES OF ERROR

The various sources of error are discussed below and are
illustrated in Figures 1 to 5. In addition the magnitude of the
system of errors has been checked by examining the differences
between the positions from different series, and between the radio
and optical positions, as compared to the quoted errors.

a) Receiver Noise Error, ar

The receiver noise produces an uncertainty, ar, in the value
of T measured from the record. This uncertainty was determined for
each observation and is plotted in Figure 1 for 958 Mc/s against
the reciprocal intensity of the observed source. The effects of re-
ceiver noise are about 30% larger at 1390 Mc/s. This error is
important only for sources having S0 58 less than about 5 x 10-26
W m- 2 (c/s)-l. There was, in addition, a reading error from the
chart records of 0.05 to 0.10 seconds of time.

b) Reduction to a Standard Night, aco

Figure 2 is a plot of E(T )-E(T 2 ) for sources observed in
common on the nights July 19-20 and July 18-19, 1960, versus the
sidereal time. Vertical lines indicate the standard errors ex-
pected from the combination of the receiver noise errors on the
two nights. The general shape of the curve is due to slow phase
changes between the two receivers, the major portion of which is
presumably due to changes in the lengths of the local oscillator
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cables. The scatter about the mean line is greater than expected
from the receiver noise alone. The additional scatter is attributed
to random phase jumps in the receiver. For nights which had many
sources in common (e.g. Figure 2), the error introduced from the
comparison of nights, aco' is in the range 0.2 to 0.3 seconds of
time at B = 0 for a single observation. In a few cases a lack of
a sufficient number of common sources caused some additional un-
certainty; in these cases aco was correspondingly increased.

c) Calibration Error

If the calibration curves are in error because of a lack
of calibrators, then systematic errors will be introduced into the
positions. The likelihood of such errors increases below-declina-
-t-in- -200-.- -A -compa-r--son-bet-weend-i-f-fer.en-tseriessuggest-s that

suh iyte-tIcf -erroars a-re sal

It has been tacitly assumed that the radio and optical
positions of the calibrators are coincident. This assumption is
partially confirmed by Figures 3 and 4 where the scatter around the
two curves is that expected from the receiver noise and comparison
error alone (see also Figures 6b and d). Because of the large
number of calibrators present in the calibration curves, it seems
likely that a significant random displacement of the radio from the
optical position would appear as an increased scatter of points
about the curves in Figures 3 and 4 no matter how judiciously the
curves are chosen. In order to test this assumption, random dis-
placements were introduced in the optical positions and the June
1960 series was re-reduced. The displacements were drawn from a
gaussian distribution having a standard deviation of ls . The
new equipment phase calibration curve and the new baseline calibre-
tion curve showed an increased scatter about the mean line-s -which
reflected almost all of the ls scatter which wa-s introduced. From
this we conclude that the average displacement between the radio
and optical positions for the sources in Table 2 is less than 0T5.

d) Errors Due to Resolution

Phase shifts due to resolution by the interferometer cause
changes in apparent position for many of the sources. In addition,
if a source has a diameter comparable to the antenna pattern, then
the measured position is sensitive to the antenna positions. Such
sources are better left to a specialized set of observations or a
higher primary resolution and have been omitted from the list of
sources discussed in this paper.

The expected 'phase shift, and its associated error, due to
resolution at 195% (958 Mc/s) and 283k (1390 Mc/s) for double sources
has been calculated whenever possible using the model of the source
given by Maltby and Moffet (1962). For sources whose structure is
not double, the measured phase shift at 389k (Moffet 1962), when
available and less than 600, has been used to find values at 283%
and 195. by means of a cubic law (see Moffet 1962, equation 17).
The results of these calculations are given in the notes to Table 3,
and have been included in deriving the final positions in Table 4.
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e) Errors Due to Confusion

The positional error introduced by confusion becomes serious
at low flux values. This error may be conveniently separated into
two parts: (i) confusion from one, or at most a few, nearby rela-
tively-strong sources of known position and flux; and (ii) confusion
from one or more unknown weak sources in the antenna pattern of each
paraboloid.

(i) The phase shift caused by a relatively-strong nearby
source, whose position and flux are known, on the position of the
source under observation has been calculated. The source lists of
PRRL (Foster 1961), 3C-R (Bennett 1962), 3C and MSH (Mills, Slee
and Hill 1958, 1960) were searched for possible confusing sources.
Ad-di iti-onai-i-fo-rma-ion wa-s-ta.ken from- Sc-ot-t 4ndRyle (1961) and
fomKoiIkr-erm-ann (1963-). The- informati-on is thought to.be reasna
complete down to a flux level of S958 = 1 x l0 -2 W m -  (c/s)-1 for
declinations greater than zero. The results of the computations
are given in the notes to Table 3, and the final positions in
Table 4 friclude these corrections. Since any errors in the position
and flux of the confusing source introduce further errors in the
corrected position of the observed source, the standard error in
Table 4 has been increased to take account of these uncertainties.

(ii) The average effects due to confusion by one or more
unknown sources in the main antenna pattern of each paraboloid have
been computed. The antenna pattern was represented by a circular
gaussian having a half-power beam-width of 48' at 958 Mc/s. The
number-flux relationship at 958 Mc/s (equation 6) was derived from
the work of Scott, Ryle and Hewish (1961) using an average spectral
index of -0.80, and is given by

N = 200 S-1.80 (at 958 Mc/s). (6)

Although the exponent agrees generally with an investigation by
Kellermann and Read (1964) at 1421 Mc/s, the multiplicative constant
found by the latter authors is somewhat larger, indicating that
these confusion calculations are only approximate. For our computa-
tions we have used the numbers derived from the work of Scott, Ryle
and Hewish (1961).

The calculation of the confusion probability follows the
method developed by Scheuer (1957). Using this method, the pro-
bability, P(Abc), that a source of unit flux undergoes an apparent
change in position by more than A seconds of time at the equator
was computed, and the result is illustrated in Figure 5 (top curve).
The bottom curve in Figure 5 gives the values of P(M)when the
effects of sources having a flux greater than 1 x l0- 

6 W m-2

(c/s)-l at 958 Mc/s are eliminated.

Values of P(Aa) from Figure 5 can be compared with the
average values of the standard errors for sources in Table 4. The
comparison shows that for 10% of the sources having a flux of
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6 x 10-26 W m-2 (c/s)- at 958 Mc/s, the effect of confusion becomes
equal to the average standard error.

f) The Error System

For every source in each series a standard error was computed
from the rms combination of the receiver noise error and the com-
parison error and included any necessary adjustment for larger than
normal uncertainties in the reduction procedure. The magnitude of
the system of errors was checked by comparing the independent
positions of the same source determined in differen't series of
measurements. The frequency distribution of Ac/ad was examined,
where Aa is the difference between the measured positions and 0 d is
the expected error obtained by combining the errors of thetwo
measurements.- Cafe s ta-ken toelgii-nate sources h cmpiso
would be influenced by known confusion and resolution effects. The
frequency distributions for different combinations of the series
were gaussians centered at zero as expected. Four sets of compari-
sons were made. 1) All possible comparisons between different series
at 195X separation. 2) All possible comparisons between 195X posi-
tions in each 'series and the optical positions from Table 2. 3) All
possible comparisons between 283X positions and the positions in the
individual 195X series. 4) All possible comparisons between the 283k
positions and the optical positions. In each set of comparisons,
the standard deviation of- the distribution was computed in the nor-
mal manner. The results of the comparisons are displayed in Figure 6
where the absolute values of Aa/Od are plotted. The four values
of O(Ac/Od) are all close to unity, demonstrating that on the average
the differences in position are those expected from the errors.

VI. TABULAR DATA

Table 3 lists separately the observed right ascensions for the
two different spacings for 227 sources. The values for an antenna
spacing of 195X (958 Mc/s) are averages of the different series of
observations. An asterisk in column 4 signifies that the source was
observed in two different series at 195X, no source being observed
in all three series. The standard error of the average position was
derived by averaging two independent estimates of the error, one
estimate from the difference between the positions in the two series,
the other from the errors of the individual positions. The notes to
Table 3 give the phase shifts due to resolution and confusion, and
in addition, comments about the source size when of interest. Sources
without notes are believed to be unconfused and to have no phase
shift due to resolution.

Table 4 is a list of final right ascensions for 197 radio
sources. All sources which have no phase shift due to resolution
and which are not confused are taken directly from Table 3, taking
weighted averages of the 195X and 283X positions where applicable.
Other sources with a small or well defined phase shift due to re-
solution or confusion are entered in Table 4 with the appropriate
corrections made to the right ascension and its standard error.
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For those sources observed at the two spacings the standard errors
were derived as described for Table 3. In all such cases the
numbers in column 4 refer to the notes following Table 3 which
describe the corrections applied. Sources having large poorly-
known phase shifts have not been included in Table 4.
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Table *2

OPTICAL RIGHT ASCENSIONS FOR CALIBRATION SOURCES

Source a Optical Radio Size Remarks
(EW)

3C 18 ooh 3 8m1 4s2  --15" Identification not confirmed.
3C 26 00 51 34.9 - 0!7
3C 28 00 53 08.86 15"
3C 43 01 27 15.04 1!0 Identification highly probable, but

not confirmed.
3C 48 01 34 1149.82* 1"

30 63 02 182 19 ZI5 -

3C 71 02 4o 07.10* -.C -

3C 78 03 05 49.07* i!0
30 79 03 07 10.97 1!2
3c 84 03 16 29.4 -15" Halo -20', core has ^,80% of flux

at 958 Mc/s. Can be confused by
3C 83.1.

3C 88 03 25 18.77 21-31
M04-12 04 05 30.61 (0!8) NS diameter. Identification highly

probable, but not confirmed.
30 147 05 38 43.53* - 15
3C 171 06 51 11.22 c30"
3C 195 08 06 29.97 (15) NS diameter. Probably -50" EW.
3C 196 08 09 59.39* l"

3C 198 08 19 52.07 315 Halo has 75% of flux. Core -1!5
in diameter.

3C 212 08 55 55.8 C15" Radio position from occultation
(Hazard 1962).

CTB 31 08 57 21.6 1'8 Core has 35% of flux. Halo z 10'
in diameter.

3C 216 09 06 17.75 3"
3C 218 09 15 41.18* 42" Core has 88% of flux. Halo ",5'

in diameter.
3C 234 09 58 57.42* 1!O 60% of flux has a diameter of ,-1!0.

Overall site, 3!0.
3C 254 11 11 54.41 4" Not certain.
3C 272.1 12 22 31.48 (1!8) NS diameter.
3C 273 f12 26 32.44 14" End of jet.

112 26 33.35 Star-like object., Radio position
depends on frequency.

3C 277.3 12 51 46.29* 40"
3C 278 f12 51 58.56* 2!5 Simple radio structure.

f12 51 59.44*
3C 286 13 28 50.74* 20" Halo has 60% of flux. Core -l".
30 295 14 09 33.45* 3"
3C 298 14 16 38.58* 2'.'3 Identification not certain.
3C 310 5 2 46.94* 1,8 Radio double in P.A. 0° .

l5 02 48.14*
3C 315 515 11 30.82* 10 Simple radio structure.

M,5 11 30.78*
3C 317 15 I4 17.00* -20"
3C 338 16 26 55.38* 112 Simple radio structure.



Table 2 (continued)

Source a optical Radio Size Remarks
(EW)

3C 386 1 8h3 6m1 2!85* 1!9 Simple radio structure.
3C 388 18 42 35.44* 1I5" Confused?
3C 405 {19 37 44.35* 1!5 Double in P.A. 1090.

f19 37 44. 52*
3C 430 21 17 03.7 0!6
3C 43-3 121 21 30.50*

121 21 30.82* I"
3C 436 21 41 57.0 15" Not confirmed.
3C 442 f22 12 18.50* (3') NS diameter. Simple radio structure.

-- 222 -2 -o -4-* .....
3C 445 22 21 1:4.7-6* 11-6 D-ou-bl-e in- -F.A. . - -

3C 459 23 14 02.6 - 2"

M23-112 23 22 43.72* 7"

*Optical positions measured by Griffin (1963).



Table 3

MEASURED RIGHT ASCENSIONS

Source a(1950.0) Std. No. of a(1950.0) Std. No. of Remarks
D = 195% Error Obs. D = 283k Error Obs.

3C 2 0 0h0 3m 4 7S7 ±0.7 1 ooho3 m4?9 1  +0.6 3
3C 5 oo 09 47.6 0.9 3
MOO-29 00 21 59.7 o.6 1 00 22 00.0 1.0 1
3C 10 00 22 30.3 0.6 4 00 22 32.9 1.1 3 (1)
3C 15 00 34 29.4 0.5 1 00 34 30.2 0.5 2

QW '375 450-i>G 2 ---- -- 00-35-46- -0-,-5-- -- --

C 18 00 3 12.0 0.5 2 o-o: 8 -1-3 7- O-6--------------
3C 19 00 38 12.4 0.7 3
MOO-410 00 39 45.1 0.9 1 00 39 44.8 1.1 1
30 20- 00 40 17.8 0.7 2

MOO-411 O0 43 54.0 0.9 2 O0 43 54.1 1.1 1 (2)
MOO-22-2 O0 45 08.7 0.9 1 O0 45 05.1 0.7 1 (3)
3C 23 O0 49 08.7 0.6 1 00 49 07.7 1.1 1
3C 26 00 51 35.3 0.6 6*
3C 27 00 52 414 0.9 2 00 52 40.8 1.5 1

3C 28 00 53 09.4 0.9 1
3C 29 00 54 58.4 0.5 1 00 55 oo.6 0.8 3 (4)
MOl-41 01 03 05.4 0.9 1 01 03 o4.6 1.0 1
3C 32 01 05 48.3 0.5 3
3C 33 Ol 06 12.6 0.3 7* Ol 06 13.9 0.4 6

3C 34 01 07 33.0 0.6 2 (5)
3C 38 01 17 59.5 1.4 3*
3c 40 01 23 25.3 0.7 8* (6)
3c 41 01 23 51.9 0.5 1 01 23 55.1 0.7 2 (7)
S3043 01 27 13.5 0.5 1 01 27 14.1 0.7 2

3c 46 01 32 30.9 0.5 1 01 32 34.3 1.0 2
3C 47 01 33 38.6 0.8 1 01 33 41.o 0.5 2
3C 48 01 34 49.2 0.5 5* 01 34 49.3 0.5 5
3C 55 01 54 18.3 0.5 2
M01-315 01 57 58.4 0.6 2

3C 58 02 Ol 47.3 0.5 6* (8)
3c 62 02 13 13.3 0.5 2 (9)
3C 63 02 18 22.1 0.4 2*
3c 66 02 19 57.7 0.6 10* (10)
3C 65 02 20 30.2 0.6 1 (11)

3c 69 02 34 15.8 0.7 2
M02-110 02 35 24.7 0.5 2
3C 71 02 40 07.3 0.3 11*
3C 75 02 55 04.4 0.6 12*
3C 78 03 05 49.0 0.4 5*



Table 3 (continued)

Source a(1950.0) Std. No. of a(1950.0) Std. No. of Remarks
D = 195X Error Obs. D 283X Error Obs.

3C 79 0 3h0 7  .1 1 6 ±0.9 2*
CTA 21 03 16 09.2 0.4 4*
30 84 03 16 29.2 0.4 16* Per A (12)
30 86 03 23 33.7 1.1 3*
3c 88 03 25 18.7 0.5 2

3C 89 03 31 42.0 o.4 2* (13)
CTA 26 03 36 53.6 0.5 1
M03-1l9- q3-k A3 9-9

A M032t:2 0-3: 49- -3.3-.--4  -:0-. 8 3:-
3C 98- 03 56 11.7 0.3 10*

3c 99 03 58 31.6 0.5 1
3c 103 04 04 35.7 0.8 2
30 105 04 o4 45.0 0.5 2 (14)
M04-12 04 05 30.6 1.2 3
3c 10 o4 10 55.7 0.5 4

MO4-24 o4 13 54.9 0.5 2
3C 111 04 15 02.1 0.7 4*
3C 119 04 29 07.8 0.5 2
M04-112 04 31 51.4 0.5 2
3C 1.23 04 33 55.6 0.4 3*

M04-21 8 o4 42 37.7 0.5 4
30 129 04 45 19.9 0-6 2 (15)
3C 131 04 50 11.8 0.5 2 (16)
3C 132 04 53 42.6 0.8 2 (17)
3C 133 04 59 53.7 0.6 1

30 134 05 01 18.2 0.7 4*
M05-42+  05 11. 31.4 1.0 1
3C 135 05 11 34.2 0.9 2 (.8)
3c 138 05 18 16.3 0.5 1
M05-43 05 18 19.5 1.1 2 Pic A (19)

M05-36 05 21 12.4 0.7 4
30 14W 05 31 30.5 0.3 21* Tau A
3C 145 05 32 51.5 0.6 4 Ori A
3C 147 05 38, 43.2 0.6 4*"
30 149+  05 47 58.3 o.6 2

3C 152 +  06 01 27-7 0.6 1
3C 153 06 05 43.4 o.6 3
30 154. 06 i0 42.8 0.6 8*
3C 158 06 18 51.0 0.5 2
3C 159 06 21 41.2 0.7 1 (20)



Table 3 (continued)

Source a(1950.O) Std. No. of a(1950.0) Std. No. of Remarks
D = 195% Error Obs. D = 283k Error Obs.

3C 161 0 6h2 4m4 3s1 ±0.7 7*
3C 166 o6 42 24,7 0.5 2
3C 171 o6 51 11.7 0.8 6*
*M06-216 06 56 53.0 0.7 4

3C 172 06 59 03.2 0.5 2

3C 175 07 lo 14.7 0.4 3*
3C 178 07 22 31. p.6 -3- -

71Y~ 07 24 33-.-2 -0-.-4 -3
2c 665+ 07 31 22.6 0.7 1 PRRL 358
2C 676 +  07 36 43.0 0.9 2 (22)

M07-117 07 45 16.3 0.5 4 (23)
30 191 -  08 02 01.9 1.2 3*
30 192 08 02 35.6 0.5 2
3C 195 08 o6 30.6 0.5 3 (21)
3C 196 08 10 00.1 0.5 9*

30 198 08 19 52.6 0.6 3* (24)
3C 200 08 24 18.6 0.6 1
3C 202 08 31 56.8 0.9 5 (25)
3C 208 08 50 26.9 0.8 2 (26)
3C 212 o8 55 55.0 0.8 3

M08-47 o8 57 23.0 1.0 1 (27)
CTB 32 08 57 41.4 1.0 1 (28)
M08-219 08 59 38.2 0.7 1
30 21 - 09 06 17.6 1.0 2*
3C 218 09 15 42.1 0.4 26* Hya A (29)

3C 219 09 17 51.5 0.8 1
3C 222. 09 33 51.5 1.2 1
30 225 09 39 31.1 0.5 3 (30)
30 227 09 45 09.4 1.o 3*
30 228 09 47 28.3 0.6 1

30 230 09 49 24.o 0.7 1
30 231 09h51m45 .s2 ±1.5 1 (31)
3C 234 09 58 57.3 0.7 3*
30 237 10 05 18.6 0.9 1
30 238 lo 08 24.9 0.7 1

30 254 11 11 54.8 1.2 2
30 264 11 42 32.3 0.9 3 (32)
30 265 11 42 53.4 0.6 3
30 270 12 16 49.9 0.4 6 (33)
30 272.11 12 22 33.0 0.6 2



Table 3 (continued)

Source a(1950.0) Std. No. of a(1950.0) Std. No. of Remarks
D = 195% Error Obs. D = 283X Error Obs.

3C 273 1 2 h26m 3 3 s8 ±0.3 2* 1 2 h 26 m 3 3 s 5 +0.5 2
3C 274 12 28 16.1 0.5 21* 12 28 18.4 0.5 5 Vir A (34)
3C 275 12 39 45.0 0.4 3
3C 277.3 12 51 47.4 0.7 2* 12 51 46.4 0.7 3 Corn A
3C 278 12 51 59.3 0.3 9* 12 52 00.2 0.6 1 (35)

-39 -79 - 125 3-35-. -9- 0-8- 2- .
-- -O2-8-0- :-12- 5:4- 4-0-.1 :0.7 3
3C 283 13 08 57.4 O.4 6*
M13-42 13 22. 35.2 0.6 7* 13 22 38.4 0.7 4 Cen A (36)
3C 287 13 28 15.0 0.4 2* 13 28 15.0 0.5 1 (37)

3C 286 13 28 49.7 0.5 4
M13-011 13 35 30.1 0.5 2 13 35 35.5 o.6 1 (38)
3C 29 -5 14 09 33.1 0.4 15* 14 09 33.4 0.7 5
3C 298 14 16 38.5 0.5 4 14 16 39.3 0.8 2
3C 300.1+ 14 25 58.3 0.5 3 (39)

M14+OlO 14 34 29.5 0.6 1 14 34 26.6 1.5 3 (40)
.MI4-12 +14 53 13.1 0.6 1 14 53 12.5 0.5 2
3C 309.1 +  14 58 53.0 1.1 2
3C 310 15 02 48.4 0.4 12* 15 02 48.6 0.6 1 (41)
3C 313 15 08 33.0 0.4 2* 15 08 33.2 0.5 1

3-0 315 15. 11 31.0 0.4 5* 15 11 30.6 0.8 4
3C 317 15 14 18.9 0.9 5 15 14 17.6 0.8 1
3C 318 15 17 50.0 0.5 3* 15 17 50.1 0.7 1
30 319 15 22 43.0 1.1 1 15 22 46.o 0.8 3
M15-43+  15 26 52.2 1.0 1 15 26 55.2 0.9 2 (42)

3C 321 15 29 39.0 0.6 1
30 324 15 47.37.7 0.6 4* 15 47 37.2 0.6 1 (43)
3C 327 15 59 55.5 0.5 4* 15 59 57.1 0.3 6 (44)
3C 327.1 16 02 13.4 0.7 4*
M!6+03 16 03 39.5 0.6 2

3C 330 16 09 15.1 0.9 2*
30 332 16 15 46.8 0.7 1 16 15 45.1 0.8 3
30 334 16 18 07.5 0.7 2
M16-18 16 21,13.3 0.5 1 16 21 13.8 1.0 1
30 3371 16 26 55.0 0.5 5* 16 26 54.1 0.7 4

M16-47+  16 37 10.9 0.7 2 16 37 06.5 1.5 2 (45)
3C 345 16 41 19.6 0.8 1 16 41 17.1 0.9 2
30 347 16 43 25.7 0.5 1 16 43 10.1 1.3 2 (46)
30 348 16 48 41.3 0.3 19* 16 48 41.0 0.5 6 Her A
30 353 17 17 56.7 0.3 7* 17 17 55.7 0.4 3

______________ _________________ _________ 'I___________ _________________- __________1. _______________



Table 3 (continued)

Source a(1950.0) Std. No. of a(1950.0) Std. No. of Remarks

D = 195X Error Obs. D 283x Error Obs.

M17-3 4  
1 7h2 0mo4S5 ±0.8 1 7h2 0mooq9  1.4, 2 (45)

M17-37f + 17 27 05.1 0.8 3 (22)

3C 359 17 27 43.0 o.6 3* 17 27 40.5 0.7 2 Kepler S.N.

M17-39+  17 37 o4.6 0.7 3 (22)

M17-2l13 17 42 32.5 0. 7 17 42 31.9 0.5 5 Sgr A (47)

_ M17-114+ 17 55 50.1 0.5 2 (22)
- 30 3-65- i-7 756/ l.2 o.18 1.. - -756-1-4.-0- - -8 -1--- _ (4____ _

M17-217 8090 -07.1 0- 7 3 -----

M1 8 ,,I-3 18 ii, 16.7 0.5 2 18 ii 17.4 o.6 (49)

M18-33+ 18 17 07.4 1.2 2

CTB 52 18 17 39.9 0.5 5 18 17 37.5 0.5 3 M 17 (50)

M18 _19 +  18 25 33.4 0.9 2 (22)

3C 380 18 28 12.9 0.5 2 18 28 11.1 0.8 1

3C 382 18 33 12.3 0.5 1 18 33 1.9 0.7 1

3C 386 18 36 13.6 0.5 1 18 36 13.2 0.7 1

3C 387+  18 38 01.3 0.8 2 (51)

3C 388 18 42 36.3 0.7 1 18 42 35.4 0.9 1 (52)

3C 390 
18 43 15.2 0.5 2

3C 389 18 43 44.1 0.9 1 18 43 45.2 0.5 2 (53)

3C 391 18 46 51.4 0.5 1 18 46 47.2 0.7 1 (54)

3C 394 18 57 04.7 o.6 2 18 57 05.2 0.7 2

30 396 19 01 36.5 0.5 4- (55)

3C 397 19 05 05.0 0.5 1 19 05 09.0 o.6 4 (56)

M19- 4 6  19 32 17.8 0.9 1 19 32 17.5 1.0 2

M19-1I1 19 38 26.5 0.5 1 19 38 23.1 0.5 2 (57)

3C 401 19 39 37.8 1.2 4* 19 39 38.2 0.9 2

3C 402 19 40 22.8 0.7 2 19 40 22.2 0.9 1

3C 403 19 49 43.2 0.5 2 19 49 44.o 0.8 2

3C 405 19 57 44.7 0.4 15* 19 57 44.2 0.5 7 Cyg A

30 409 20 12 18.o 0.8 3*

CTB 87 20 14 10.O 0.5 2 20 14 11.3 0.7 1 (58)

30 41o 20 18 03.9 0.5 5*
3c 413 20 28 25.0 1.0 1

M20-37 20 32 35.6 0.5 3

30 41- 20 37 06.6 0.4 6*

30 424 20 45 44.2 0.5 2 20 45 44.7 0.7 2

M20-214 20 53 15.7 1.2 2 20 53 12.4 0.5 3 (59)

M20-215 20 58 37.7 0.7 2 20 58 4o.6 0.7 1 (60)

M21-2 -- 21 64 26.1 0.5 4* (61)

30 42 7.1 21 o4 41.7 3.1 3



'Table 3 (concluded)

Source a(1950.0) Std. No. of a(1950.0) Std. No. of Remarks
D = 195k Error Obs. D = 283X Error Obs.

3C 428 2 1 ho 6 m 4 2 s0  +0.7 2* (62)
3C 430 21 17 02.9 1.0 3*
3c 431 21 17 09.0 0.8 3*.
3C 433 21 21 30.7 0.5 7* 2 1 h 2 1m 30 s 5 ±0.5 6
30 435 21 26 38.0 0.8 1

M21-47 21 40 26.8 1.3 2 21 40 22.6 1.0 2 (45)
30 43w 21 41 57.8 0.8 2 21 41 57.4 0.7 2

CTA 97 21 51 32.4 1.8 2 21 51 36.3 1.0 2 (63)
30 438 21 53 45.8 0.5 4*

3c 441 22 03 50.3 0.7 2 22 03 49.7 o.8 3
30 444 22 11 43.0 0.5 5*
3C 442 22 12 20.4 0.7 6*
30 445 22 21 15.3 0.5 8* 22 21 15.5 0.5 3
3C 446 22 23 11.8 0.3 5* 22 23 10.6 0.5 1

CTA 102 22 30 07.1 0.14 3* 22 30 08.1 0.7 1
3C 452 22 43 29.7 0.6 9* (64)
M22-46 22 50 10.2 0.9 3
3C 455 22 52 37.2 0.6 1 22 52 35.4 0.8 2
30 456 23 09 55.4 0.4 2* 23 09 55.9 1.0 1

30 459 23 14 02.5 0.5 1 23 14 02.1 0.6 4
3N 461 .23 21 06.3 0.5 18* 23 21 07.8 0.9 3 Cas A (65)
M23-112 23 22 43.3 0.8 2
M23-43- 23 23 51.8 0.9 1 (22)
M23-47 23 31 42.8 0.8 2

30 465 23 35 56.0 o.6 6 23 35 57.2 o.6 3 (66)



Notes to Table 3

In these notes the convention has been adopted that a positive
phase shift leads to an increase in the apparent right ascension of
the source. A a is the magnitude and direction of the change in
position of the source caused by the phase shift due to resolution
and/or confusion by nearby sources.- For several sources it was ne-
cessary to take a drift curve, using the interferometer at a spacing
of 283X, to determine the proper lobe of the interferometer pattern.
These sources are indicated by a dagger (t) in the first column.

- Th-ose- -s-ou-rce-s wbh4-c- ha-v-e---a-n- -a-s-t-e-r-i-sk (*). -in th.e. f-ou.rt~h coilumn___we.re__
oibser' -ed- i t o -of- t-h- -differ-emt s-e-r ie-s o-f- -o-se-r-v-a-t-i-on-s ma-d-e-&at- 1-9-51-
(958 M/s). The following abbreviations are made in the notes:
ATM = Moffet (1962), PM = Maltby (1962), M 2 = Maltby and Moffet (1962),
3C = Edge et al (1959), 3C-R = Bennett (1962), PRRL = Foster (1961),
MSH = Mills et al (1958 or 1960), CTB = Wilson (1963), ERL = Elamore
et al (1959), K = Kellermann (1964).

(1) 3C 10. Ring shaped source of diameter 6!5. The model given by
M2 , when the 195X and 283k positions are. incorporated,
predicts a a = +2q3 ± l0 at 195X, and Aa = +417 + 2 0
at 283%. This interpretation agrees well with the 3C
position at 308% and the ERL position at 465k.

(2) MOO-411. MSH says the diameter is >40". However, the agreement
between the positions at 195% and 283% suggest that there
is little or no phase shift.

(3) MOO-222. East-west size about 3' (M2 ). The disa-greement between
the positions at the two spacings suggest a phase shift
due to resolution is present, mainly in the 283X position.

(4) 3C 29. Diameter4 3!0 (3C-R). M2 gives a diameter of 2!5 ± 0!7
(NS). A small phase shift ( 440) due to resolution is
possible.

(5) 3C 34. Confused slightly by 3C 31 (3C-R), resulting in a shift
in position of~a = -03 ± 0q3 at 195%.

(6) 3C 40. According to the model of M2 , the phase shift due to
resolution is a = +0 9 ± O6 at 195%.

(7) 3C 41. Confused by PRRL 78, a = olh 2 5ml2?1 (±28 est), b,
+32026 !6 (±3' est), flux = 40% of 3C 41 (K). This
produces a ba = -049 L 0-4 at 195%, and a Aa = +0 3 + 0?2
at 283%. Complex source with large-scale structure (M2 ).
The effects of resolution are not known, but appear to be
significant from a comparison of the positions at 195% and
283X.

(8) 30 58. Large galactic source having an east-west diameter of
6!0 ± l!o (M2 ). A significant but unknown phase shift
due to resolution is likely.

(9) 3C 62. A wide north-south double source with an i' separation
in P.A. = 00 (M ). The east-west size is unknown, but is
probably small producing little phase shift at 195%.



Notes to Table 3 (continued)

(10) 3C 66. According to the model of M2 , the phase shift due to
resolution is 4a = +20 ±_ 13 at 195%.

(11) 3C 65. East-west size is 3!7 j 1!0 (3C-R). The 3C-R position
suggests there may be a small positive phase shift at
195%.

(12) 3C 84. The position of 3C 83.1 given by Leslie and Elsmore (1961)
is one lobe spacing (17!7) in right ascension away from
3C 84. The resulting shift inpoitionof 3C 84--!-s

(13) 3c 89. The structure is ambiguous. Either an east-west double
of separation 6' of unknown intensity ratio, or a 10'
halo with a small core displaced from the center. Due to
the uncertainty in the model the phase shift at 195%
is unknown (private communication ATM).

(14) 3C 105. The radio structure is a halo of diameter 5!0 + l!0 with
50% of the flux, and a core of diameter >i!o (M2 ). There
is probably little or no phase shift due to resolution
at 195X (ATM).

(15) 3C 129. Complex source of east-west diameter - 6' (M2 ), producing
an unknown phase shift at 195X due to resolution.

(16) 30 131. Confused by a source at a - 0 4h45m1 8s (&2
s est), 8

+31054, (+3' est), flux = 30% of 3C 131 (K) which produces
a ac = +Oq7 ± Oq5 at 195X. The source is 40!6 north-
south (M2 ), but the east-west size is unknown. There is
probably no phase shift due to resolution.

(17) 3C 132. Confused by a source at a = 0 4h 52m2 6s (±2
s est), 8

+23006' (±3' est), flux = 30% of 3C 132 which produces
a aa = O+0 + 04 at 195%.

(18) 3C 135. Complex source of diameter 4', with fine structure 4lu
(M2). Using the phase measured by ATM for 389X it is
estimated that Aa = +08 ± 0 5 at 195X.

(19) M05-43. The east-west diameter is 7!5 ± 1!0 (M2 ). There is a
phase shift of -1200 + 200 at 389% (ATM), thus the phase
shift due to resol'ution cannot be estimated at 195.

(20) 3C 159. Confused by a source at a = 0 6 h2 1 m50 s (+2 east), 8
+40030 ' (±3' est), flux = 27% of 3C 159 (K). This pro-
duces a &a = +193 + 098 at 195. Unresolved north-
south (PM), and probably no appreciable east-west phase
shift due to resolution at 195X.

(21) 3C 178, 3C 195. Unresolved north-south (PM), and probably no
appreciable phase shift due to resoltuion east-west at
195X.



Notes to Table 3 (continued)

(22) 20 676, M17-37, M17-39, M17-114, M18-19, M23-43. No size informa-
tion available.

(23) M07-117. Complex source of diameter >3' north-south, with fine
str-".,ture <1' (M2 ). East-west size and phase shift due
to resolution unknown.

(24) 3C 198. The radio structure consists of a core 4 1!5, and cir-
cular halo of 3!5 110 having 75% of the flux (M ). No
phase shift due to resolution at 195% (ATM).

_ - (25) 3C 202. Not resolved north-south (PM);-however, PRRL gives an
-eas-t---we-s-t- s-i.z-e- .of 4- ., The, -posItI-o-ns fop-r 3-C .20.1 a&n-d 3 0Z
in 3C and PRRL do not make sense. There may be a phase
shift at 195%.

(26) 3C 208. The radio structure of 3C 208 given by M 2 is incorrect
due to the confusion from 3C 208.1. East-west structure
of 3C 208 is unknown (private communication ATM). No
corrections can be made for 3C 208.1 since its position
is very poorly determined (3C-R).

(27) M08-47 = CTB 31. Galactic source with core diameter 1!8 ± 014,
and halo diameter i0' having approximately 65% of the
flux (M 2 ). The phase shift at 195X could be Aa = -05
015 according to the phase shift measured at 389X (ATM),
however, we have assumed a zero phase shift in Table 4..

(28) CTB 32. The radio diameter is 114 0.4 (M2 ). No phase shift due
to reso2utian at 195%.

(29) 3C 218. The radio structure consists of a core of diameter 40!6
east-west having 90% of the flux, and a 5' halo (M 2 ).
Based on the measured phase shift at 389x (ATM), Aa
+093 ± 093 at 195X.

(30) 3C 225. East-west structure unknown. Suspected wide double of
-12' north-south, causing an unknown east-west phase
shift (private communication ATM).

(31) 3C 231. The radio diameter is 42" (Lequeux 1963).

(32) 3C 264. The radio structure consists of a core of diametere1!2
with 60% of the flux, and a halo of approximately 5' in
diameter M2 ). There is no phase shift at 195X (ATM).

(33) .3C 270. A near-equal radio double with an east-west separation
4!7 ± 0!3 (M2 ), but producing no phase shift at 195X.

(34) 3C 274. The radio structure consists of a halo 6!5 ± 0!7 in dia-
meter with 48% of the flux at 958 Mc/s, and a core of
0!6 ± 012 diameter. At 195X and 283X the halo is partly
resolved and thus a phase shift may be introduced as is
suggested by the disagreement between the 195% and 283X
positions. The 283% position should be close to the
core position, and it is therefore given in Table 4.



Notes to Table 3 (continued)

(35) 3C 278. Almost circular source of diameter 2!0 ± 0!5. From the

measured phase shift at 389% (ATM) it is estimated that
a = +096 + 094 at 195X, and &a = +l3 + 098 at 283%.

(36) M13-42. The phase shift due to resolution at 195X is 4a = +093 +
O2, and at 28;X is 6a +3q7 + 17 as calculated from
the model of M' .

(37) 3C 287. Confused by a source at a = 1 3h28m58s (±25 est), 5 =
+25005 ' (±31 est), flux = 40% of 3C 287 (K) which pro-

duces- a. 4cr -Q9O+ 093 at 195VX, and- a z=-9 O
at 283X.

(38) M13-01l. Unresolved north-south (PM); however, the disagreement
between the positions at 195X and 283X suggests an
east-west phase shift at both frequencies.

(39) 3C 300.1 = M14-0ll. Possible large-scale structure (M2 ), but PRRL
suggests it is small. The phase shift is assumed to be
zero.

(40) M14+00. Confused by a source at a = 1 4h3 5m5 ls (±'2
s est), =

+03058' (±3' est), flux is 60% of M14+010 (K), which
produces a &a = +2?0 ± 10 at 195X, and-a &a = -12 + 095
at 283X. Large-scale structure present (M2 ), but the
phase shift east-west is small (ATM). PRRL found an ex-
tended source at this position (Bennett and Smith 1961),

(41) 3C 310. Two components with a separation in P.A. = 0 of 2!1 + 0!2.
No east-west phase shift due to resolution.

(42) M15-43. No size information available, but the disagreement between
the 195X and 283X positions suggests that some phase shifts
may be present.

(43) 3C 324. Confused by 3C 323.1 which produces aAa = -08 ± 093 at
195X, and has a negligible effect at 283X.

(44) 3C 327. The phase shift due to resolution is 4a = +0?4 + 092 at
195X, and Aa = +099 ± 094 at 283. as computed from the
model of M2.

(45) M16-47, M17-34, M21-47. MSH says the radio diameter is >45". The
disagreement between the 195X and 283X positions indicate
large east-west phase shifts are present.

(46) 3C 347. Recent observations suggest a wide double with a se-
paration of z15' leading to large phase shifts at 195X
and 283X (private communication ATM).

(47) M17-213. The radio structure consists of a core of diameter 2!2 +
0!5; and a halo of diameter -12' having 80% of the flux
-(M2 ). No east-west phase shift at 195X and 283. (ATM).



Notes to Table 3 (continued)

(48) 3C 365. The positions given here agree with the 3C positions when
the latter are corrected by +1 B lobe and -1 a lobe.

(49) M18-13. Size unknown, but agreement between the 195X and 283X
positions indicate little or no phase shift.

(50) CTB 52. There appears to be a significant phase shift due to
resolution between the 195X and 2831 positions. The
direction is consistent with the phase measurements of
ATM which suggest that there is a small component of the

.... ojureat 1 8hl7 m 3 5 s. Our measurements when extra-
-- oapited -to z-e-ro- _spacing_ by thecub.i~c lac -swuggest -hat
Aa = -2 2 ± 07 at 1951, and 4a = -416 + il4 at 283x.

(51) 3C 387. Probably extended (30). The difference between the 2831
position and that of 3C suggests that phase shifts due to
resolution are present.

(52) 3C 388. The phase shift due to resolution is Aa = O0O ± 04 at
1951, and Aa = 0O + 019 at 283) calculated from the
model of M2 .

(53) 3C 389. 3C-R gives a diameter of 3!3 ± 2!0, suggesting that
there may be phase shifts at 1951 and 283X. However,
the agreement between the positions at the two spacings
suggests that any phase shifts are small.

(54) 3C 391. 3C-R gives a diameter of 2!0 ± 2!0. However, Allen et al
(1962). sugge-st a smaller size. (41'). The disagreement
between the positions at 1951 and 2831 suggests'that
phase shifts are probably present.

(55) 3C 396. 3C-R gives a diameter of 3!0 + 2!0. CTB gives a dia-
meter of 4'. A phase shift is likely at 283X.

(56) 3C 397 =CTB 67. 3C-R gives a diameter of 310 + 210. CTB gives
a diameter of 7'. Phase shifts due to resolution are
probable and seem to be present at 1951 and 2831.

(57) M19-111. The positions given here agree with the positions derived
from a drift curve, but disagree with the MSH position by
4os .

(58) CTB 87. Galactic source with an east-west diameter of 318 + 0!5
M 2 ). No phase shift measurements were made by ATM;
however, the agreement between the positions at 1951 and
2831 suggests that any phase shifts are small.

(59) M20-214. No size information available, but the disagreement be-
tween the 1951 and 2831 positions suggests that phase
shifts are present.



Notes to Table 3 (concluded)

(60) M20-215. MSH gives size as 420". However, the disagreement be-
tween the 195% and 283% positions suggests that some
phase shift may be present.

(61) M21-21. MSH gives a diameter >55". However, the agreement with
the MSH position suggests there is probably only a small
phase shift at 195%.

(62) 3C 428. Confused by CTB 101. The effect of the confusion is not
calculable.

(-6-) OTA. _97. Large -gala-atic s-ource- of4 er l0'±31_Y.Sma3l-
,but unknown phase shifts at 195% and 285X are probably
present. No phase shift measurements were made by ATM.

(64) 3C 452. Considerable structure with an east-west diameter of
4f0 + 20 (M2 ). Phase shift likely at 195X.

(65) 3C 461. Measured east-west phase shift by Jennison and Latham
(1959) suggests very little phase shift at 195k and
283X. However, the phase shift becomes appreciable at
the larger spacings used by 3C and ERL.

(66) 3C 465. Complex source having an overall diameter of 5!0 + 110
(M2 ). Detailed model not available although the agree-
ment of the 195X and 283 positions suggests very small
phase shifts.



Table 4

FINAL RIGHT ASCENSIONS FOR 197 SOURCES
INCLUDING KNOWN CORRECTIONS

Source a(1950.O) Std. Remarks*
Error

3C 2 0 0 h0 3m48 .3  +0.8
3-C-5. - _ 0009 47--6 - .9......
MOO--2-9 00 2-1 -5-9.8 0.5-
3C 10 00 22 27.9 1.2 Tycho S.N. (1)
3C 15 00 34 29.8 0.5

3C 17 00 35 46.1 0.8
3C 19 00 38 12.4 0.7
3C 18 00 38 12.8 0.9
MOo-4io 00 39 45.0 0.7
3C 20 0o 4o 17.8 0.7

MOO-411 00 43 54.o 0.7
3C 23 O0 49 08.3 0.7
3C 26 00 51 35.3 o.6
3C 27 00 52 41.2 o.8
3C 28 00 53 09.4 0.9

3C 29 00 54 59.2 1.1

M01-A41 01 03 05.0 0.8
3C 32 01 05 48.3 0.5
3C.33 Ol 06 13.2 0.7
3C 34 01 07 33.3 0'.7 (5)

3C 38 01 17 59.5 1.4
3c 4o 01 23 24.4 0.9 (6)
3C 43 01 27 13.8 0.5
3C 46 01 32 32.0 1.5
3C 47 01 33 39.5 1.3

3c 48 01 34 49.2 0.4
3C 55 01 54 18.3 0.5
MO1-315 01 57 58.4 o.6
3c 62 02 13 13.3 0.5
3C 63 02 18 22.1 0.4

3c 66 02 19 55.7 1.4 (10)
3C 69 02 34 15.8 0.7
M02-110 02 35 24.7 0.5
3C 71 02 40 07.3 0.3
3C 75 02 55 04.4 o.6

*The numbers refer to the notes to Table 3.



Table 4 (continued)

Source a(1950.0) Std. Remarks*
Error

3C 78 0 3 h0 5m 49 SO +0.4
3C 79 03 07 11.6 .0.9
CTA 21 03 16 09.2 0.4
3C 84 03 16 29.2 0.4 Per A
3c 86 03 23 3.3.7 1.1

3C 88 03 25 18.7 0.5
CTA 26 03 36 53.6 0.5

.M03---9_-- --o -3--49--o9-.--9- -.-0 5 . -.
MO3-2T2 : 3 s03 49v 33-3:.-4 - -8- ---
3C 98- 03 56 11.7 0.3

3C 99 03 58 31.6 0.5
3C 103 04 04 35.7 0.8
3C 105 04 04 45.0 0.5
M04-12 04 05 30.6 1.2
3C 109 04 10 55.7 0.5

Mo4-24 04 13 54.9 0.5
3C 11. 04 15 02.1 0.7
3C 119 04 29 07.8 0.5
M04-112 04 31 51.4 0.5
3C 123 04 33 55.6 0.4

M04-218 04 42 37.7 0.5
3C 131 04 50 11.1 0.7 (16)
3C 132 04 53 4-2.6 0.9 (17)
3C 133 04 59 53.7 0.6
3C 134 05 O1 18.2 0.7

M05-42 05 11 31.4 1.0
3C 135 05 11 33.4 1.0 (18)
30 138 05 18 16.3 0.5
M05-36 05 21 12.4 0.7
3C 14T 05 31 30.5 0.3 Tau A

3C 145 05 32 51.5 0.6 Ori A
3C 147 05 38 43.2 0.6
3C 149 05 47 58.3 0.6
3C 152 06 01 27.7 0.6
3C 153 06 05 43.4 0.6

30 154 06 lo 42.8 0.6
3c 158 06 18 51.o 0.5
3C 159 06 21 39.9 1.1 (20)
3C 161 06 24 43.1 0.7
3C 166 06 42 24.7 0.5



Table 4 (continued)

Source a(1950.0) Std. Remarks*
Error

3C 171 0 6 h 5 1 mllS 7  +0.8
M06-216 06 56 53.0 0.7
30 172-- 06 59 03.2 0.5
3C 175 07 10 14. 7  o.4
3C 178 07 22 31.7 o.6

3C 180 07 24 33.2 o.4
20 665 07 31 22.6 0.7

.. . .. -u 3-0-l-9-1 - ... .08- -0203- 0I9... T2~ .... . . .. .. _

-3-- -19-2- - -0-2 35.6 - .- o .
3c 195 08 06 30.6 0.5

3C 196 08 10 OO.1 0.5
3C 198 08 19 52.6 0.6
3C 200 08 24 18.6 0.6
3C 202 08 31 56.8 0.9 (25)
3C 212 08 55 55.0 o.8

M08-47 08 57 23.0 1.1 (27)
CTB 32 08 57 41.4 1.0
M08-219 08 59 38.2 0.7
3C 23.17 09 06 17.6 1.0
3C 218 09 15 41.8 0.5 Hya A (29)

3C 219 09 17 51.5 0.8
30 222 09 33 51.5 1.2
3C 225 09 39 31.1 0.5
3C 227 09 45 09.4 1.0
30 228 09 47 28.3 0.6

3C 230 09 49 24.0 0.7
3C 231 09 51 45.2 1.5
3C 234 09 58 57.3 0.7
3C 237 10 05 18.6 0.9
3C 238 lo 08 24.9 0.7

3C 254 11 11 54.8 1.2
30 264 ii 42 32.3 0.9
30 265 l 42 53.11 o.6
3C 270 12 16 49.9 o.4
3b 272.1 12 22 33.0 0.6

3C 273 12 26 33.7 0.3
30 274 12 28 18.4 0.5 Vir A (34)
3C 275 12 39 45.0 0.4
3C 277.3 12 51 46.9 0.7 Corn A
3C 278 12 51 58.8 o.4 (35)



Table 4 (continued)

Source a(1950.0) Std. Remarks*
Error

3C 279 1 2 h 5 3 m3 5 s 9  +0.8
3C 280 12 54 40.1 0.7
3C 283 13 o8 57.4 0.4
M13-42 13 22 34.8 0.6 Cen A (36)
3C 287 13 28 15.7 0.4 (37)

3C 286 13 28 49.7 0.5
3C 295 14 09 33.2 0.4
3C 298 14_i63&i0L6 ... .....
U 3 0-0-1 -1-4- 2-5: 58-3- -=0-z-5 --

Ml4+OO 14 34 27.6 0.9 (40)

M14-121 14 53 12.8 0.4
3C 309-1 14 58 53.0 1.1
3C 310 15 02 48.5 0.3
3C 313 15 08 33.1 0.3
3C 315 15 11 30.8 0.4

3C 317 15 14 18.2 0.9
3C 318 15 17 50.0 0.4
3C 319 15 22 44.7 1.7
3C 321 15 29 39.0 0.6
3C 324 15 47 37.9 0.8 (43)

3C 327 15 59 55.6 0.7 (44)
3C 327.1 16 02 13.4 0.7
M16+03 1-6 03 39.5 0.6
3C 330 16 09 15.1 0.9
3C 332 16 15 46.0 1.0

3C 334 16 18 07.5 0.7
M16-18 16 21 13.5 0.5
3C 337 16 26 54.6 o.630 345 16 41 18.4 1.3
3C 348 16 48 41.2 0.3 Her A

3C 353 17 17 56.1 0.5
3C 358 17 27 41.8 1.3 Kepler S.N.

M17-213 17 42 32.2 0.4 Sgr A
3C 365- 17 56 126 1.3
M17-217 18 oo 07.1 0.7

M18-13 18 1i 17.0 0.5
M18-33 18 17 07.4 1.2
CTB 52 18 17 42.1 1.3 M 17 (50)
30 380 18 28 12.2 0.7
3C 382 18 33 12.6 0.5



Table 4 (concluded)

Source a(1950.0) Std. Remarks*
Error

3C 386 1 8h3 6m13s4  +0.4
3C 388 18 42 36.0 0.8 (52)
30 390 18 43 15.2 0.5
3C 389 18 43 44.8 0.7
30 394 18 57 04.9 0.5

M19-46 19 32 17.6 0.8
M19-111 19 38 24.8 1.7

. . . ... .390 N01- _ --90_39 - _ .D _0_,_7_

--3C-40:2- 19 -:-:-22-. 5 - o
3c 403 19 49 43.5 0.6

30 405 19 57 44.5 0.4 Cyg A
3C 409 20 12 18.0 0.8
CTB 87 20 14 10.5 0.7
3c 41o 20 18 03.9 0.5
3C 413 20 28 25.0 1.0

M20-37 20 32 35.6 0.5
30 419 20 37 06.6 0.4
30 424 20 45 44.4 0.5
M20-215 20 58 39.1 1.5 (60)
M21-21 21 04 26.1 0.5

3c 427.1 21 04 41.7 3.1
3c 430 21 17 02.9 1.0
30 431 21 17 09.0 0.8
30 433 21 21 30.6 0.4
3C 435 21 26 38.0 0.8

30 436 21 41 57.6 o.6
3,0 437 21 45 00.0 0.7
30 438 21 53 45.8 0.5
30 441 22 03 50.0 0.6
30 444 22 11 43.0 0.5

30 442 22 12 20.4 0.7
30 445 22 21 15.4 0.4
30 446 22 23 11.3 0.6
CTA 102 22 30 07.5 o.6
M22-46 22 50 10.2 0.9

30 455 22 52 36.4 1.0
30 456 23 09 55.5 0.4
30 459 23 14 02.3 0.4
30 461 23 21 06.8 0.8 Cas A (65)
M23-112 23 22 43.3 0.8

M23-44 23 31 42.8 0.8
3C 46 1 23 35 56.6 0.7
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Figure 6. The comparison of the observed differences in right
ascension with the-expected error. For a description of
the different sets of comparisons and an explanation of
the method see text section V (f).


